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(54) Measurement of transmission spectra of pharmaceutical tablets 

(57) In an instrument for making an NIR spectro- 
graph^ transmission measurement of a pharmaceutical 
tablet, masking structure is provided to prevent or 
reduce leakage of radiation around the edge of the tab- 
let. The masking structure (30, 44) constricts the bound- 
ary of the light beam so that it is within the boundary of 
the top surface of the tablet where it impinges upon the 
top surface. The tablet is received in a well slightly larger 
than the tablet formed in a tablet locator (20). An aper- 
ture (39) is formed in the bottom of the well. 


FIG. 1 
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Description 
Field of Invention 

The present invention relates to an apparatus used 
for spectrometric transmission measurements and, in 
particular, NIR transmission measurements of tablets 
containing pharmaceutical compounds. 

Background of the Invention. 

Infrared spectroscopy and more particularly rtearin- 
frared {"NIR") spectroscopy is a valuable non-invasive 
manner to perform both qualitative and quantitative 
analysis of samples. The equipment required to obtain 
spectroscopic measurements includes a source of NIR 
light known as a spectrometer, and a detector. From 
incident light, either reflected from or transmitted 
through a sample, information about the sample's con- 
stituent make-up can be measured. One important 
application for spectrometric analysis is the measure- 
ments of pharmaceuticals compounds. Because com- 
pounds in pharmaceutical doses have different 
absorbance properties, qualitative and quantitative 
properties about a sample can be determined by ana- 
lyzing light either reflected from or transmitted through 
the sample. 

The measurement of solids using NIR spectros- 
copy techniques is predominately performed using 
reflectance techniques. Reflectivity measurements 
involve penetrating only a few microns of the sample's 
surface one or more times with the light beam. Reflec- 
tivity measurements of solids, however, present some 
disadvantages and significant efforts have been 
directed at improving their accuracy. Such efforts have 
included designs which optically enhance the incident 
NIR energy upon the sample. Notwithstanding the 
advances, there remain a number of attendant prob- 
lems and disadvantages with reflectivity measure- 
ments. In some cases the active compound of interest 
may not be present on the surface of a sample but is 
buried within the matrix and accordingly the active com- 
pound of the sample will not be measured using reflec- 
tive techniques. Furthermore, active compounds may 
not be evenly distributed throughout the matrix. A sam- 
ple that is not homogenous may lead to measurements 
which are not representative. The chemistry of an active 
compound present on or near the surface of a sample 
may be affected by coatings on the tablet or exposure to 
the environment. These factors could also contribute to 
inaccurate measurement using reflective techniques. 
Some techniques employing reflectivity measurements 
require grinding the sample into a powder which effec- 
tively excludes this technique as a method of quality 
control, such as to check for product tampering. 

Conventional measuring practices in connection 
with pharmaceutical tablets have essentially ignored or 
overlooked the use of transmission measurements. The 
use of transmission measurements may have been 


neglected because tablets are opaque and it may have 
been assumed that NIR light would not be appreciably 
transmitted through samples. However in many cases, 
solids which appear opaque will still transmit significant 

s light in the infrared spectrum and transmission meas- 
urements can yield useful information. 

A further problem which may have contributed to 
the neglect of transmission measurements in connec- 
tion with pharmaceutical compounds is the absence of 

w suitable hardware to present the sample between the 
NIR light source and detector. Pharmaceutical tablets 
come in a wide variety of sizes and shapes and the 
hardware employed must be able to easily accommo- 
date the sample to be measured. Accordingly there is a 

75 need for a manner in which to conveniently and effec- 
tively present small solid samples such as tablets con- 
taining pharmaceutical compounds to a spectrometric 
instrument. Such a manner must ensure that stray radi- 
ation does not interfere with the measurement. Any inci- 

20 dent light that travels around the sample or leaks can 
compromise the accuracy of the measurement by caus- 
ing nonlinear errors in the measurements of absorb- 
ance. 

Trie present invention is directed at a transmission 
25 measuring device and more particularly a sample posi- 
tioning device and masking element used in a transmis- 
sion measuring device. The positioning device and 
masking element minimizes or eliminates the incidence 
of stray radiation reaching the detector. 

30 

Summary of the Invention 

The present invention is directed at a positioning 
device or locator designed to convey a solid sample 

35 such as a pharmaceutical tablet to a location where a 
spectrometric measurement will take place. The posi- 
tioning device, in combination with a masking device 
prevents light from leaking around the edges of the tab- 
let and adversely interfering with the detection of radia- 

40 ton transmitted through the sample. The reduction or 
elimination of stray light which has not passed through 
the sample reaching the detector enables an accurate 
measurement to be made. The present invention further 
provides various automated approaches which allows a 

45 user to quickly perform multiple spectrometric measure- 
ments while incorporating the advantages of the locator 
and masking element combination. 

Brief Description of the Drawings 

50 

Fig. 1 is a side view in partial cross section of a first 
embodiment of the invention. 

Fig. 2 is a top view of the sample locator according 
to the first embodiment of the invention. 
55 Fig. 3 is a side sectional view of a second embodi- 
ment of the invention. 

Fig. 4. is a fragmented perspective view of the 
probe and masking hood element. 

Fig. 5 is a top view of the sample locator used with 
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the second embodiment of the invention. 

Fig. 6 is a side sectional view of the second embod- 
iment of the invention showing the hub and turntable. 

Fig. 7 is a side view in partial section of a third 
embodiment of the invention. 

Fig. 8 is a top view of a loaded sample locator in the 
test position of the third embodiment of the invention. 

Fig. 9 is a partial top view of a loaded sample loca- 
tor outside of the test position of the third embodiment of 
the invention. 

Detailed Description 

Referring now to Fig. 1 , the apparatus according to 
a first embodiment of the invention has a probe 12 with 
an outer housing 14 and an inner optic fiber bundle 16. 
A light source 10 consisting of a grating spectrometer 
provides narrow bandwidth NIR light to fber optic bun- 
dle 1 6. In the first embodiment, the probe 1 2 is mounted 
in a fixed position above a slot defined by top surface 1 8 
and bottom surface 19 which receives sample locator 
20. Positioned directly below the slot and in axial align- 
ment with the probe 1 2 is detector 22 which detects the 
amplitude of NIR radiation transmitted through a sample 
tablet 24. The instrument of the invention is designed to 
measure pharmaceutical products, but the tablet can 
comprise any solid integral material which requires 
measurement. The detector 22 transmits a signal to a 
computer where the signal 23 is converted to a digital 
form for analysis of the transmission measurement. 

Provided in the top surface 25 of the sample tablet 
locator 20 is a cylindrical first well defined by sidewall 26 
and annular surface 28. Received in the first well is an 
annular masking element 30 having a center aperture. 
Masking element 30 has a height less than that of side- 
wall 26 and an aperture diameter approximately 2/3 or 
67% of the diameter of the sample tablet 24. The mask- 
ing element is sized so that it does not extend above the 
top surface 25 of the sample locator 20. The bottom sur- 
face of the masking element directly engages the top 
surface 32 of sample tabled 24 at the rim of the center 
aperture thereof. Concentric with the first well is a sec- 
ond cylindrical well or sample well defined by sidewall 
34 and bottom surface 36. The second well receives 
sample tablet 24. 

As best seen in Fig. 2, a top view of the sample 
locator 20, a slot 38 which is defined by a bottom sur- 
face, in the same plane as surface 28, and the vertical 
sidewalls which intersect with the sidewalls 26 of the 
first well. The slot 38 thereby connects the first well to 
the side of the sample tablet locator 20. The slot facili- 
tates the removal of the masking element 30. Also 
shown in Fig. 2 is aperture 39 which provides a passage 
from bottom surface 36 to the lower surface 42 of the 
locator 20. 

In use, a sample tablet is first inserted into the sec- 
ond well of the locator. Next, the masking element is 
placed within the first well and engages the top surface 
of the tablet. The locator is then manually inserted into 


the slot defined by surfaces 18 and 19 and aligned 
between the probe and detector. When the sample is in 
place, the light source and detector are activated and a 
measurement is obtained. 

5 The dimensions of the sample tablet locator 20 are 
precisely formed in relation to the sample tablet to mini- 
mize the possibility of light leakage around the sample 
tablet. It is contemplated that a unique sample locator 
and masking element will be provided which is custom 

10 fit to the particular dimensions of each tablet form which 
requires analysis. The outer first well of the sample 
locator 20 has a diameter of .600 inches. The second 
cylindrical well which receives the sample tablet has a 
diameter .004 inches larger than the diameter of the 

is sample tablet. By precisely sizing the diameter of the 
sample well, the potential for incident light to leak 
around the sample is significantly minimized. The height 
of the sidewall of the second well is variable and is 
designed to be approximately 80% of the height of the 

20 sample tablet By requiring the sidewall height of the 
second well to be significantly less than the height of the 
sample tablet, the masking element is ensured to 
achieve good contact with the top surface of the sample 
tablet. The sample well should have a minimum sidewall 

25 height of approximately 25% of the height of the sample 
tablet to prevent the tablet from rocking within the well. 
Through the planar bottom of the second well is an 
aperture formed with a diameter approximately 67% or 
two thirds of the diameter of the sample tablet This 

30 aperture is the same size as and is axially aligned with 
the aperture on the masking element. Both the height 
and the aperture of the masking element are variable 
and are sized in accordance with the size of the sample 
tablet. The distance between the bottom surface of the 

35 sample and the detector is approximately .005 inches. 
Fig. 3 depicts a second embodiment of the inven- 
tion with a sample tablet in the second well of a tablet 
locator 40 . In this embodiment the probe 1 2 is mounted 
in a manner to provide for rectilinear axial movement 

40 with respect to the sample and detector. As best seen in 
Fig. 4 the second embodiment employs a masking hood 
element 44 which is attached to the movable probe 12. 
The hood element has a central aperture 46 which is 
sized at approximately 67% or two thirds the diameter of 

45 the sample tablet Like the first embodiment, the probe's 
fber optic bundle 1 6 is connected to a grating spectrom- 
eter which serves as the NIR light source. Masking 
hood element 44 is generally annular shaped and has a 
flat bottom surface which directly engages the sample 

so at the rim of the aperture 46. This engagement is similar 
to the manner of engagement of mask 30 shown in Fig. 
1. The masking hood keeps the boundary of the NIR 
light beam which exits the fber optic bundle and 
impinges on the upper surface of the sample to an area 

55 less than the area of the top surface of the sample. 
Keeping the irradiated area smaller than the tablet sur- 
face minimizes the leakage of light because it avoids 
flooding the edges of the sample and the sides of the 
well containing the sample. This feature minimizes the 
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possibility that NIR radiation will teak around the sam- 
ple. The diameter of the aperture 46 is the same as the 
diameter of the exit passage located through the bottom 
surface of the sample locator. 

Attached to the outer housing of probe 1 4 is rocker 
arm 46 which effects the movement of the probe. Screw 
75 is provided to retain the probe 12 on the rocker arm. 
Rocker arm 48 pivots at point 50 on a stabilizer arm 52. 
On the opposite end of the probe, the rocker arm 48 
engages a cam 54. Rotation of cam 54 will cause rocker 
arm 48 to lower and raise the probe to the sample. 
Rotation of the cam is performed by a motor 55 control- 
ted by a computer. In response to a command, the 
motor will actuate thereby rotating the cam and causing 
the rocker arm to lower the probe to the sample. The 
probe is prevented from further downward movement by 
direct engagement of the sample and thus the probe 
rests on the sample when the measurement is taken. As 
seen in Fig. 3, when the probe is lowered and engages 
the sample tablet, the masking hood element extends 
well below the upper planar surface of the sample loca- 
tor 40. 

As shown in Fig. 5, the locator 40 used in this 
embodiment has ten stepped sample wells generally 
designated by the reference numeral 70 arranged in an 
arcuate configuration. Tab 72 is provided for handling 
the locator and opening 74 provides for sliding the loca- 
tor onto a hub. The wells 75 in locator 40 are essentially 
the same as those described in connection with the first 
embodiment however they do not require a slot feature 
like slot 38. 

A computer also controls activation of stepper 
motor 56 shown in Fig. 6. which turns both hub 58 and 
turntable 60 on which the locator 40 rests. The diameter 
of the turntable is less than the diameter of the locator 
so the bottom apertures 66 through the locator remain 
open and unimpeded. The locator is retained on the hub 
by a spring clip 68 which engages a recess 62 provided 
on locator 40. The motor 56, hub 58 and turntable 60 
provides for the sequential presentation of samples to 
the probe. The motor 56 is synchronized with motor 55 
so that the probe is raised and lowered on to the sam- 
ples when a sample well on the locator is aligned under 
the probe. A sensor 57 is provided to detect the position 
of the locator. 

A further embodiment of the invention is depicted in 
Figs 7-9. This embodiment employs an automatic, soft- 
ware-controlled probe elevator as described in the sec- 
ond embodiment which raises and lowers the probe 
onto the sample. The locator 76 used in this embodi- 
ment, as best seen in Figs. 8 and 9, positions a single 
sample tablet under the probe. Locator 76 is manually 
inserted between side wall 77 and side wall 78 until it 
engages end wall 80. Sidewall 78 is biased in a first 
position (Fig. 9) by spring 81. As the locator 76 is 
inserted, force is exerted on a spring 81 and sidewall 78 
pivots about fulcrum 85 to second position (Fig. 8) 
where it holds the locator in a position for the tablet to be 
measured. The locator of this embodiment holds a sin- 


gle tablet and is analogous to the locator depicted in 
Fig. 2 except the first well does not incorporate a slot 
feature. The masking element of the third embodiment 
incorporates the hood element 44 on the probe as 

5 described above in connection with the embodiment of 
Figs. 3-6. When the locator is in place a command is 
provided which operates the motor 55 which in turn low- 
ers the probe as described above in connection with the 
embodiment of Figs. 3-6. When the probe is in the low- 

w ered position the measurement is performed. 

In each of the embodiments, in connection with the 
measurement step, the grating of the spectrometer is 
rotated to vary the center frequency of the narrow band 
width light through the NIR spectrum and the instrument 

is makes measurements at incrementally spaced wave- 
lengths throughout the spectrum as the grating is 
rotated. The computer uses known techniques to ana- 
lyze the resulting transmission measurements to ana- 
lyze the sample including identifying the sample and 

20 quantifying the components of the sample. 

In each of the embodiments the tablet is presented 
to the fiber optic bundle and the detector in a way to 
ensure that NIR radiation reaching the detector has 
passed through the sample and not leaked around it. 

25 Factors which contribute to minimizing the light leakage 
include the locator's sample well which is sized just 
large enough to allow a tablet to be inserted. In addition, 
the masking element which rests directly on the tablet 
which has an central aperture less than the size of the 

30 tablet also minimizes the possibility that NIR radiation 
will bypass the tablet. This feature could also be 
achieved by providing a fiber optic bundle with an end 
profile smaller than the top surface of the tablet. Lastly, 
the exit aperture is also formed smaller than the sample 

35 tablet. 

In each of the embodiments described above the 
coupling distances between the probe, sample tablet 
and detector are kept to a minimum. The close coupling 
of the infrared radiation and the sample is an important 

40 feature of the invention because it minimizes the atten- 
uation of the light energy. The actual distance between 
the fiber optics in the probe and the upper surface of the 
sample tablet will vary depending on the configuration 
and embodiment selected. In the embodiment depicted 

45 in Fig. 1 which employs a fixed probe, the distance 
between the probe and top surface of the tablet can 
range from 1/16 of an inch to as much as 5/32 of an 
inch. In connection with the embodiments which employ 
an automatic probe elevator as depicted in Figs. 3 

so through 9, the distance between the probe and the top 
surface of the sample is between 0.010 and 0.020 
inches. 

Energy is also further conserved by directly trans- 
mitting the NIR light from the grating spectrometer 
55 through the fiber optic bundle which terminates within 
the probe where the radiation is directly transmitted 
through an air gap to the sample. In a preferred embod- 
iment of the invention, pre-dispersed NIR radiation is 
employed to minimize the heat to which the sample is 
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subjected. In any spectroscopic analysis that subjects a 
sample to the full spectrum of wavelengths simultane- 
ously, there is a risk that the attendant absorption of 
energy by the sample will cause it to heat and literally 
cook. The active compounds of some drug samples are 
particularly sensitive to thermal degradation. K the sam- 
ple deteriorates, additional analysis of the sample can- 
not be performed to provide accurate results. 

Claims 

1 . A near infrared transmission spectrometer appara- 
tus used for analyzing a tablet comprising, 

light source means for emitting light to a probe, 
said probe transmitting light to a tablet, 
detector means for receiving said transmitted 
light from said tablet, 

means positioned between said light source 
means and said detector means to receive a 
tablet locator, 

said tablet locator comprising a main body hav- 
ing an upper surface and a lower surface, said 
upper surface having an stepped well, said well 
having a first section and a second section cen- 
tered on said first section, said first section 
receiving a masking element, said second sec- 
tion having an exit portal smaller than said tab- 
let, wherein said second section receives a 
tablet, said exit portal having a diameter less 
than the diameter of said tablet and providing a 
passage from said second section through said 
lower surface, and 

masking means received in said first well, said 
masking means having a center opening which 
provides a passage for a light beam emitted 
from said probe to impinge upon said tablet 
with a boundary inside the boundary of the top 
surface of said tablet 

2. The near infrared transmission spectrometer appa- 
ratus as recited in claim 1 wherein said masking 
means comprises an annular ring having an outer 
diameter less than the diameter of said first section 
and a height less than the height of said first sec- 
tion, and having a central passage having a diame- 
ter substantially equal to said exit portal. 

3. The near infrared transmission spectrometer appa- 
ratus as recited in claim 1 wherein said masking 
means comprises a hood attached to said light 
source means said hood comprising an annular 
body element having a centra! aperture, said appa- 
ratus further comprising means to lower said hood 
means into said well to enable said hood to contact 
said tablet 

4. The apparatus as recited in claim 1 wherein said 
tablet locator means comprises a plurality of said 


stepped wells. 

5. The apparatus as recited in claim 4 wherein said 
tablet locator means is arranged in arcuate conf igu- 
s ration, the apparatus further comprising means to 
turn said arcuate configuration so that each said 
stepped well is moved into a position between said 
light source means and said tablet detector means. 

io 6. The apparatus recited in claim 5 further comprising 
motor means for turning a hub, and means for 
mounting said sample locator to be rotated by said 
hub. 

is 7. The apparatus as recited in claim 3 further compris- 
ing means to automatically lower and raise said 
probe onto said tablet. 

8. An instrument for making an NIR transmission 
20 measurement on a tablet comprising means to 
transmit a narrow band NIR light beam through said 
tablet, means to detect the light transmitted through 
said tablet, and means to constrict the boundary of 
said light beam so that it is entirely within the 
25 boundary of a top surface of said tablet when it 
impinges upon said top surface. 
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